Non-alcoholic fatty liver disease (NAFLD) is an increasingly recognized condition whose prevalence parallels the recent increase in obesity (1-3). NAFLD has also been associated with metabolic disorders, including central obesity, dyslipidema, hypertension, and hyperglycemia (4-8). In addition, metabolic syndrome (MS), obesity, and insulin resistance are major risk factors in the pathogenesis of NAFLD (9-12). The co-existence of multiple metabolic disorders is associated with a potentially progressive, severe liver disease. The increasing prevalence of obesity, coupled with diabetes, dyslipidemia, hypertension, and ultimately metabolic syndrome puts a very large population at risk of liver failure (13). Patients with metabolic disorders usually have elevated serum aminotransferase activity, and so aminotransferase assays are widely used to monitor liver function in people with metabolic disorders (14). However, many Abstract Background: Increasing evidence suggests an association between elevated serum aminotransferase levels and metabolic disorders (metabolic syndrome, hyperlipemia and diabetes mellitus). However, the significance of relatively low levels of aminotransferases in relation to metabolic disorders has not been fully investigated in the general population. We investigated the association between serum amiontransferase levels and metabolic disorders using data from a survey in Jilin province, China. Methods: In 2007, a survey was conducted throughout Jilin, China, covering both urban and rural areas. A total of 3835 people, 18 to 79 years old including 1761 men and 2074 women, underwent real-time ultrasonography, blood tests including aspartate aminotransferase and alanine aminotransferase, and had interviews with a structured questionnaire. Results: Serum aminotransferase levels within the normal range were associated with metabolic syndrome independent of age, occupation, cultural and educational level, income, body mass index, waist circumference, smoking, and alcohol intake. Compared with the lowest level (<20 IU/L), the adjusted odds ratios for ALT levels of 20-29, 30-39, 40-49 and >50 IU/L were 1.92, 2.50, 2.97, and 3.52 in men, and 1.38 , 1.54, 3.06, and 2.62 in women, respectively. Near-normal serum aminotransferase levels associated with hyperlipemia, NAFLD, DM were also found in the study. Conclusions: Normal to near-normal serum aminotransferase levels are associated with metabolic disorders. Serum ALT levels of 21-25 IU/L for men, and 17-22 IU/L for women are suggested as cutoff levels that detect metabolic disorders affecting the liver.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is an increasingly recognized condition whose prevalence parallels the recent increase in obesity (1) (2) (3) . NAFLD has also been associated with metabolic disorders, including central obesity, dyslipidema, hypertension, and hyperglycemia (4) (5) (6) (7) (8) . In addition, metabolic syndrome (MS), obesity, and insulin resistance are major risk factors in the pathogenesis of NAFLD (9) (10) (11) (12) . The co-existence of multiple metabolic disorders is associated with a potentially progressive, severe liver disease. The increasing prevalence of obesity, coupled with diabetes, dyslipidemia, hypertension, and ultimately metabolic syndrome puts a very large population at risk of liver failure (13) . Patients with metabolic disorders usually have elevated serum aminotransferase activity, and so aminotransferase assays are widely used to monitor liver function in people with metabolic disorders (14) . However, many liver diseases are not detected by the currently defined range of normal serum aminotransferase levels (15) (16) . The significance of serum aminotransferase levels, including those that are in the normal and near-normal range, needs to be reviewed in relation to the metabolic disorders. Three hundred and eighteen non-diabetic patients with NAFLDs were investigated for changes in liver enzymes, and to analyze the association between liver enzymes and metabolic syndrome in Shanghai, China (16) . However, few large studies have been made in the adult population in China. Accordingly, we investigated the independent association between serum aminotransferase levels and metabolic disorders in a representative population in northern China. Individuals with MS, hyperlipidemia or diabetes mellitus (DM) were defined as having metabolic disorders in the present study.
Materials and Methods
Design and study population A prospective survey study of aminotransferase levels and the metabolic disorders was carried out in Dehui, Jilin, China in 2007 (population approximately 800,000). Dehui is located 81 km from Changchun, the largest city in the area. The earnings of most inhabitants of Dehui are in the middle of the income range. The sex and age distribution of inhabitants are similar to those of the province in general. Therefore, Dehui City is representative of other areas in the province in terms of the level of life, economic and cultural development. A two-stage, tiered-system sampling method was used. This survey was comprehensive and included geographic, economic, cultural, and other parameters. There are 308 villages and 51 neighborhood committees in Dehui. The first survey covered rural areas, and the second covered urban areas. Each stage was divided into two layers. In the first layer, the populations of the villages or neighborhood committees were sorted, and the villages or neighborhood committees were selected by a computer according to the principle of equidistant random samples of the population size. We selected 9 villages and 11 neighborhood committees. In the second layer, the households were marked by the distance from the center of the villages or neighborhood committees, and they were selected according to the principle of equidistant random samples of the distance. Then, 150-200 or 80-100 households were computer-selected in villages or neighborhood committees, respectively. A sample of the general population in the selected households consisting of individuals who were at least 18 years of age, and had lived in the same area for more than 10 years was selected using a systematic random 1-in-3 sampling procedure from the census list, which had been updated on February 1, 2007. We defined sample sizes of urban and rural groups according to the formula of estimation of sample size: N=(t/d) 2 *(1-P) / P (t=1.96, P=0.114 and d=0.1) (4). They were 1800 and 2700 based on the ratio of urban and rural populations of the area, and the total was 4500 (more than the value of N). In the end, 4298 people responded and agreed to participate in the study, and their serum samples, demographic information, and behavioral factors were collected. The response rate was high (95.51%, 4298/4500). When we analyzed the relationship between aminotransferase levels and the metabolic disorders, we excluded 75 people who had abnormal autoantibodies, ceruloplasmin, and iron tests. They consisted of 30, 29, 16 people, respectively. In addition, 151 people who reported consuming at least 40 g of alcohol per day were excluded. We also excluded 45 HCVpositive people and 192 HBV-positive people. In the end, 3835 people (1761 men and 2074 women) were eligible for our analyses.
Data collection and blood sampling
The selected participants were asked to fast overnight (≥8 h) and attend a local health center for their scheduled appointments. The selected subjects were visited at home if they could not attend the local health center. An interview us-ing the structured questionnaire was conducted at the time of the participant's visit. The questionnaire included the following questions: 1) How long have you been smoking? 2) Do you drink alcohol (the number and type of drinks per day)? 3) What is your occupation (peasant, laborer, small private businessman or cadre official)? 4) How many years did you study? 5) How much is your income every month? 6) What is your date of birth, sex, and place of residence? Information on demographics (date of birth, sex, place of residence, ethnicity, family size) and behavioral factors (drinking, smoking, occupation, education level, income) was obtained. The study protocol was approved by the Institutional Review Board of the First Hospital of Jilin University. After written informed consent was obtained, blood samples were taken from each participant for seroprevalence analyses. Sera were stored at -20 0 C until tested at the First Hospital of Jilin University. Anthropometric measurements including height, weight, and waist and hip circumference were conducted by well-trained examiners on individuals wearing light clothing. Waist circumference was measured to the nearest 0.1 cm at the midpoint between the lower borders of the rib cage and the iliac crest. Abdominal ultrasonography was performed to detect the presence of fatty infiltration in the liver by physicians specializing in diagnostic imaging, all of whom used standard criteria in evaluating the images for hepatic fat (17) . Fatty liver was diagnosed by concurrence of 3 ultrasonographers, who were unaware of the subjects' clinical and biochemical status. The results were supplemented by the liver-spleen density gradient (LSDG) determined with the non-contrast abdominal computer tomography (CT) in the local hospital.
Serological testing
HBsAg, anti-HCV, glucose, total cholesterol, LDL-cholesterol, HDL-cholesterol, triglyceride and liver enzymes, including ALT, and AST were evaluated by standard methods using kits from Ke Hua (Shanghai, China). ANA, ceruloplasmin and iron studies were also assayed by standard methods with kits from Ke Hua (Shanghai, China). All laboratory analyses were performed at the First Hospital of Jilin University.
Definition of the metabolic syndrome, hyperlipidemia, NAFLD, DM
The diagnosis of metabolic syndrome was based on the new International Diabetes Federation definition (18) , in which central obesity is an essential parameter (BMI ≥25). We used a modified waist circumference cutoff of ≥90 cm in men and ≥80 cm in women. Metabolic syndrome was then defined in any individuals who had two or more of the four following criteria: 1) high blood pressure ( ≥ 130/85 mmHg) or undergoing treatment for high blood pressure with anti-hypertensive medication, 2) elevated fasting blood glucose (≥5.6 mmol/L) or treatment with anti-diabetic medication, 3) hypertriglyceridemia (≥1.7 mmol/L), and 4) low HDL-cholesterol (men, <1.03 mmol/L; women, <1.29 mmol/ L). Individuals having one or more of the four following criteria were defined as having hyperlipidemia:
Individuals having the following criteria were defined as having NAFLD: 1) consuming <40 g alcohol per week, 2) negative for hepatitis B (HBsAg) and hepatitis C, 3) fatty liver based on US and CT, 4) no other liver disease. Individuals having the following criterion were defined as having DM: fasting plasma glucose >7.0 mmol/L.
Statistical analysis
Statistical analyses were performed using SAS software (version 9.0). Clinical and biochemical characteristics were compared between men and women using the Wilcoxon Scores test or Chi-Square test.
The sex-specific prevalence of abnormal metabolic conditions, and metabolic syndrome were correlated to levels of AST and ALT. Independent associations between serum aminotransferase levels and metabolic syndrome, hyperlipidemia, NAFLD and DM were investigated using logistic regression models. The independent variables used were age, BMI, smoking, alcohol intake, waist circumference, occupation (peasant/ laborer, small private businessman, cadre officials), cultural and educational level (>8 years of study, or ≤8 years of study), income level (>800 RMB or ≤800 RMB every month). Drinkers were classified as regular alcohol drinkers (individuals whose alcohol consumption more than 40 g per week for more than 4 consecutive years), infrequent drinkers, and non-drinkers. Smokers were defined as individuals who smoked 10 or more cigarettes a day for more than 4 consecutive years. The thresholds for aminotransferase values were generated by ROC analysis. A two-sided P<0.05 was considered statistically significant.
Results
The clinical characteristics and laboratory data of the 1761 men and 2074 women are shown in Table 1 . Compared with women, men had higher ALT, AST levels and metabolic risk factors except HDL-cholesterol levels and there was no difference in LDL-cholesterol levels. Smoking and drinking were significantly more common in men than in women. Serum AST levels were positively associated with all five metabolic abnormalities except glucose in both sexes. On the contrary, serum ALT levels were positively associated with all five metabolic abnormalities in both sexes except HDL-cholesterol in women (Table 2) . Univariate analysis for the prevalence of metabolic syndrome increased progressively according to the elevated serum ALT levels. The association between the elevated ALT levels, and the prevalence of metabolic syndrome was attenuated, but was still highly significant in both genders in multivariate analysis. However, elevated AST level was attenuated significantly in both genders (P>0.05) except for in the 40-49 IU/ml levels in women (Table 3) . In a further analysis, we compared the relative significance of individual liver enzymes by including AST and ALT in the same model. In this model, the prevalence of metabolic syndrome was significantly associated only with the elevated ALT levels (P<0.001 for both sexes), but not with elevated AST levels ( Table 3) . By multivariate analysis, the odds ratios for the prevalence of hyperlipidemia increased progressively according to the increases of serum aminotransferase levels except for ALT in women. Multivariate analysis odds ratios for the prevalence of DM increased progressively according to the increases in serum ALT levels. Univariate analysis odds ratios for the prevalence of NAFLD increased progressively according to increases in serum aminotransferase levels except AST in women (data not shown). The association between ALT level and the prevalence of NAFLD was attenuated, but still highly significant in multivariate analysis (Table 4) . A positive association between elevated ALT levels and the prevalence of MS, hyperlipemia, DM and NAFLD was observed even within the normal range of aminotransferase levels (Table 2, 4). The associations between AST and the prevalence of hyperlipidemia, DM and, NAFLD are not shown because the associations in the results were weaker, especially after multivariate adjustment. We assessed the association between elevated ALT and AST levels, and the prevalence of metabolic syndrome in non-drinkers and drinkers, separately. The positive association between serum ALT and AST levels, and the prevalence of metabolic syndrome were not affected by alcohol intake. The most positive association between serum AST levels, and the prevalence of metabolic syndrome was found for levels of 40-49 IU compared with <20 IU in the nondrinker group, but not in the drinker group (Table 5). * Adjusted for age, BMI, occupation, cultural and educational level, income level, smoking, alcohol intake, and waist circumference. ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes mellitus; NAFLD, non-alcoholic fatty liver disease; BMI, body mass index. The Odds Ratio between AST and metabolic disorders was not shown because the associations in the results were weaker, especially after multivariate adjustment The people who had Diabetes mellitus or Hyperlipemia or Metabolic syndrome or Non-alcoholic fatty liver disease were defined as disease group and the others were control group in each ROC analyses
Discussion
We found a positive association between serum aminotransferase levels and metabolic disorders in the Chinese population. Recent epidemiologic studies have also reported an association between aminotransferase elevations and metabolic disorders such as metabolic syndrome, hyperlipe-mia, and DM (19) . This association has been observed in various populations, including obese people, postmenopausal women, elderly men, patients with NAFLD, and even adolescents (2, 16, 20) . Similar findings have already been reported in other countries such as Korea, Singapore and Japan (21) . Another more important finding of this study is that the association was observed even in normal to near-normal aminotransferase levels, in a levelrelated manner. Aminotransferase levels of 40-49 IU/ml were very significantly related in women, and need further investigation. The reason for the stronger association of ALT 40-49 IU/ml with the prevalence of metabolic syndrome compared to ALT over 50 is not clear, but may be related to the fact that the progression of liver damage in NAFLD is generally slow, and the levels of ALT are most commonly only mildly elevated. Similar findings also were reported in some Korean populations (22) . We found that the association of ALT with the prevalence of metabolic syndrome persisted even after adjustment for waist circumference. This is in a way over-adjustment, because waist circumference is part of the definition of the metabolic syndrome, but provides additional insight by indicating that it is not simply the well-known association of obesity or abdominal obesity that mediates the association. NAFLD has been associated with metabolic disorders, including central obesity, dyslipidemia, Table 5 : Continued… hypertension, and hyperglycemia, the major risk factors for the development of NAFLD (23) . Because the number of metabolic syndrome components has increased, the prevalence and odds ratio for having increased ALT activity were also significantly increased (24) . In the present study, metabolic disorder components (triglycerides, LDL, CHOL, etc.) and NAFLD were correlated with increased ALT activity. Unexplained elevations in ALT levels have been suggested to signify the presence of NAFLD in adults. Individuals with the metabolic disorders (MS, hyperlipemia and DM) have a significantly higher prevalence of unexplained elevations in ALT levels (24) . Therefore, this also supports the notion that NAFLD is part of the spectrum of metabolic disorders.
The prevalence of NAFLD is mainly associated with the male sex, obesity and waist circumference, but it may vary significantly among different population groups (22) . Recent studies have added evidence that insulin resistance, a key component of the MS and DM may contribute to the development of NAFLD (24) . Central obesity may be an underlying cause of insulin resistance, and can also contribute to the development of NAFLD (2). Compared with adipose tissue in other sites, visceral adipose tissue is more resistant to insulin, and the associated relative hyperinsulinemia promotes lipogenesis in the liver, which contributes to NAFLD (25) . Asians have been shown to have more subcutaneous fat, and have a different fat distribution compared to Caucasians. The relationship between body mass index (BMI) and body fat percentages in different population groups have been shown to vary (23) (24) . Thus, the significance of central obesity in connection with liver dysfunction and metabolic disorders may differ by ethnicity. The connection in the present study was similar to that found in another previous study (22) . Some conditions such as alcohol consumption, viral hepatitis or hemochromatosis, which can increase aminotransferase activity, may also be associated with the metabolic syndrome. The association between metabolic risk factors and ALT elevation was shown to be similar in subjects with and without identifiable causes of chronic liver disease, (alcohol use) (26) . The association was also seen in the non-drinker or drinker regression model in the present study. Some systemic diseases and medications may also elevate serum aminotransferase levels. Accordingly, we performed further analysis after excluding 524 people who were receiving hormone replacement therapy or medications for hypertension, diabetes mellitus, liver disease, renal disease during three months before examination. We still found a strong association between serum aminotransferase levels and MS, even in the groups with normal to near-normal range of aminotransferases. For MS patients with levels below 20 IU/L, the adjusted odds ratios for ALT levels of 20-29, 30-39, 40-49 and > 50 IU/L were 1.82, 2.08, 1.88 and 2.72 in men and 1.37, 1.34, 3.07 and 2.46 in women, respectively ( P <0.05 for all). In addition, patients with hyperlipemia and DM had the same trend. In the present study, serum ALT levels were more closely associated with MS than AST levels. In addition, only ALT levels were significantly associated with MS when both enzymes were simultaneously investigated in a single model. This finding is in agreement with previous studies, and can be explained by a higher specificity of ALT for liver disease (22) . The cutoff level of aminotransferase that discriminates between healthy and diseased livers has not been clearly defined. Several previous studies have demonstrated that serum aminotransferase levels, even within the normal range, may be associated with morbidity and mortality (27) . In liver disease, elevated serum aminotransferase levels have a more positive association with non-alcoholic steatohepatitis than other frequent causes of hepatitis (alcoholic hepatitis, chronic hepatitis B and C) and some rare causes (autoimmune hepatitis) (26) .
From the multivariate analysis of patients with metabolic disorders, the linear association between serum aminotransferase levels (especially ALT at 20-29 IU/L levels compared to the lowest levels (<20 IU/L) suggests that people with high normal aminotransferase levels may need further investigation for the presence of metabolic disorders such as MS. Considering the increasing prevalence of metabolic disorders and their association with liver dysfunction, the significance of the serum aminotransferase assay needs to be re-evaluated. Therefore, we evaluated thresholds for aminotransferase values by ROC analysis. Serum ALT levels of 21-25 IU/L for men, and 17-22 IU/L for women are suggested as cutoff levels that detect metabolic disorders affecting the liver. In a recent study from Korea, calculated thresholds for ALT values were 35 IU/L for men and 26 IU/L for women (28) . Relatively high threshold levels of normal serum aminotransferase were also found in our study. Therefore, adjustment of the normal limit of serum aminotransferases should be considered for monitoring liver function, especially in people with metabolic disorders. One of the limitations in the present study is that the diagnosis of a fatty liver was based on ultrasound imaging and CT, and not confirmed by liver biopsy, the gold standard for the assessment of liver histology and a key test to diagnose NAFLD.
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